Introduction {#S0001}
============

Down's syndrome (DS), originally described by John Langdon Down in 1866, is the most common birth defect.[@CIT0001] DS is caused by the presence of three copies of part or all of chromosome 21. Ninety-five percent of DS cases are due to the trisomy 21 and 1% of persons with trisomy 21 are mosaics. DS can also be caused by translocation or duplications involving chromosome 21.[@CIT0002] Individuals with DS are more prone to congenital heart defects (CHDs), gastrointestinal anomalies, and endocrinopathies including hypothyroidism and diabetes. Delayed development and behavioral problems are often reported in children with DS.[@CIT0003]

In children with DS, CHD is the most important clinical phenomenon due to its significant impact on mortality.[@CIT0004] DS is associated with a fixed pattern of CHD with overrepresentation of septal defects. Transposition of the great vessels and aortic coarctation are underrepresented in DS. This specific pattern of CHD might be associated with triplication of the genes on chromosome 21.[@CIT0004] Furthermore, this epigenetic pathway might play an important role in severe DS phenotypes.[@CIT0005] To establish medical surveillance of DS patients, the population prevalence, associations of CHD and mortality risk need to be investigated. However, reliable data for DS in South Korea are not available.

In South Korea, a universal compulsory National Health Insurance Service (NHIS) that provides coverage for nearly 100% of the total population was launched by the government in 1989.[@CIT0006] The NHIS initiated the rare and intractable diseases registration (Rare Diseases Registry, RDR) program in 2004.[@CIT0007] In this study, we estimate the population prevalence, associations of CHD and mortality risk for DS in South Korean using NHIS and RDR data.

Methods {#S0002}
=======

The Korean Rare Disease Registry and the National Health Insurance Service Databases {#S0002-S2001}
------------------------------------------------------------------------------------

In 2013, the NHIS covered 97.2% (n=49,989,620) of the population, and the Medical Aid system covered the remaining 2.8% (n=1,458,871).[@CIT0008] The nationwide registry for RDR was established by the Korean NHIS in cooperation with the Ministry of Health and Welfare.[@CIT0009] Patients with DS have been registered in the RDR (specific code designation V159) since 2004. The RDR database gathers identifying information on each subject with a physician-certified diagnosis, enabling accurate calculation of prevalence regardless of NHIS usage during a given period. Moreover, the annual incidence of diagnosis could be estimated by the number of newly registered patients with a given disease.

We used information from the NHIS claims database (NHIS-2017-1-202) to collect data on DS patients who registered in RDR between 2010 and 2015. During this period, the total number of registered DS cases and the number of new registrations each year were identified. To estimate the prevalence of DS, the size of the Korean population was ascertained from resident registration data obtained by the Korean Ministry of Security and Public Administration. For mortality risk, we used population and death data from the national health information database (NHID) of the NHIS individually linked to mortality registration data of Statistics Korea.[@CIT0006] This study was approved by the Institutional Review Board (IRB) of The Catholic University of Korea (IRB Number: KC17EISI0016).

Study Subjects {#S0003}
==============

The diagnostic criteria for DS used by the RDR program are as follows: specific clinical findings (up-slanting palpebral fissures, epicanthic folds, and brachycephaly) and chromosomal and radiologic study results including those from echocardiography. International classification of disease, 10th revision (ICD-10) codes Q90, Q90.0, Q90.1, Q90.2, and Q90.9 are included in V159, the specific RDR designation for DS. To estimate associations of CHD and mortality risk of DS, the data of DS subjects were compared with 1:5 age- and sex-matched controls. We compared the frequencies of atrial septal defect (ASD, 10th revision (ICD-10) codes Q21.1), ventricular septal defect (VSD, Q21.0), patent ductus arteriosus (PDA, Q25.0), PV atresia/stenosis (Q22.0/Q22.1), tetralogy of Fallot (TOF, Q21.3), atrioventricular septal defect (AVSD, Q 21.2), coarctation of the aorta (CoA, Q25.1), double outlet right ventricle (DORV, Q20.1), Transposition of the great arteries (TGA, Q20.3) and single ventricle (Q20.4) between DS subjects and age- and sex-matched controls in 2015. We calculated the death rate dividing the incidence of death by the total follow-up period between DS patients and age- and sex-matched controls from 2010 to 2014.

Statistical Analysis {#S0003-S2001}
--------------------

We analyzed prevalence and incidence of DS in South Korea from 2010 to 2015 across 10-year old age group. The annual incidence of DS from 2010 to 2015 was calculated based on the number of newly registered DS patients and the number of registered residents of the corresponding year. Prevalence and incidence in 2015 were reported by accounting for the age- and sex-specific distribution of the Korean population. Conditional logistic regression models were used to compare the odds ratio (OR) and 95% CI of CHD between DS patients and the control group. Multivariate Cox regression models were used to assess the hazard ratios of death for DS patients and the control group. Data were analyzed using SAS version 9.4 (SAS Institute, Cary, NC, USA).

Results {#S0004}
=======

Population Prevalence and Incidence of DS from 2010 to 2015 {#S0004-S2001}
-----------------------------------------------------------

The annual prevalence and incidence of DS are summarized in [Table 1](#T0001){ref-type="table"}. The prevalence of DS was 2.75 per 100,000 persons in 2010, 2.90 per 100,000 persons in 2011, 3.04 per 100,000 persons in 2012, 3.25 per 100,000 persons in 2013, 3.88 per 100,000 persons in 2014, and 4.03 per 100,000 persons in 2015. In 2015, 2077 individuals with DS were identified from the total population of 51,574,044 South Koreans. The incidence of DS was 0.43 per 100,000 persons in 2010, 0.36 per 100,000 persons in 2011, 0.40 per 100,000 persons in 2012, 0.29 per 100,000 persons in 2013, 0.30 per 100,000 persons in 2014, and 0.34 per 100,000 persons in 2015.Table 1Prevalence and Incidence of Down's Syndrome in South KoreaPopulationTotal Number of CasesPrevalence per 100,000 PersonsAge Standardization PrevalencePopulationTotal Number of CasesIncidence per 100,000 PersonsAge Standardization Incidence201050,166,79313782.752.7150,163,8582140.430.42201150,445,16414612.902.9450,441,9311840.360.37201250,763,15415423.043.1550,759,6542010.400.41201351,013,67516573.253.4351,009,8571460.290.30201451,281,91719923.884.1851,277,8301550.300.32201551,574,04420774.034.4151,569,6291730.340.36

Distributions of DS Prevalence Across 10-Year-Old Age Groups and by Sex in 2015 {#S0004-S2002}
-------------------------------------------------------------------------------

DS distribution across 10-year-old age groups and by sex are shown in [Table 2](#T0002){ref-type="table"}. The prevalence trend across 10-year-old interval showed a peak in group under the age of 10 then declined sharply after the group after the age of 20 years. In children under the age of 10, the prevalence of DS was 28.4 per 100,000 persons in males and 23.4 per 100,000 persons in females. The prevalence of DS then decreased rapidly to 8.67 per 100,000 persons in teenagers, 3.09 per 100,000 persons in twentieth, 0.98 per 100,000 persons in thirtieth, 0.55 per 100,000 persons in fortieth, and 0.26 per 100,000 persons in fiftieth.Table 2Down's Syndrome Prevalence Distributions Across 10-Years-Old Age Groups and by Sex in 2015Total PopulationTotal Number of CasesPrevalence per 100,000 PersonsMale PopulationTotal Number of CasesPrevalence per 100,000 PersonsFemale PopulationTotal Number of CasesPrevalence per 100,000 Persons0--94,605,930119625.972,370,68567428.432,235,24552223.3510--195,980,4715198.683,126,4732758.802,853,9982448.5520--296,821,8892113.093,602,7021183.283,219,187932.8930--397,945,906780.984,074,241481.183,871,665300.7740--498,934,467490.554,535,856270.604,398,611220.5050--598,210,181210.264,121,285150.364,088,89660.1560--694,691,56610.022,276,167002,415,39910.0470--793,124,66720.061,327,943001,796,72420.1180--891,110,63100345,06900765,56200

Congenital Heart Defects in DS {#S0004-S2003}
------------------------------

In patients with DS, the frequencies of ASD \[odds ratios (OR) = 65.9, 95% confidence interval (CI), 84.1--99.1\], VSD (OR = 88.1, 95% CI, 57.9--134.1), PDA (OR = 56.9, 95% CI, 40.1--80.8), PV_AS (OR = 10.0, 95% CI, 3.8--26.6), TOF (OR = 42.1, 95% CI, 19.3--92.3), AVSD (OR = 510.0, 95% CI, 126.7--999.0), CoA (OR = 80.0, 95% CI, 10.6--603.2) or TGA (OR = 2.5, 95% CI, 0.2--27.6) were significantly higher than those of age- and sex-matched control subjects. In cases of DORV and single ventricle, odds ratios of DS were not calculated by zero counting ([Table 3](#T0003){ref-type="table"}). Patients with more than 1 CHD could be counted more than once. Among the total 2077 DS patients, the numbers of DS patient without any CHD were 1039 (50.0%).Table 3Odds Ratios of Congenital Heart Defects in Down's Syndrome Compared with Age- and Sex-Matched Controls in 2015GroupNEventOR (95% CI)**ASD**Control10,385921DS207758265.9 (48.1--99.1)**VSD**Control10,385361DS207741388.1 (57.9--134.1)**PDA**Control10,385501DS207739656.9 (40.1--80.8)**PV_AS**Control10,38561DS20771210 (3.8--26.6)**TOF**Control10,38571DS20775942.1 (19.3--92.3)**AVSD**Control10,38521DS2077204510 (126.7--999)**COA**Control10,38511DS20771680 (10.6--603.2)**DORV**Control10,38501DS207713NC**TGA**Control10,38521DS207712.5 (0.2--27.6)**Single ventricle**Control10,38501DS20775NC[^1]

Hazard Ratios for Death in Patients with DS Compared with Age- and Sex-Matched Controls from 2010 to 2014 {#S0004-S2004}
---------------------------------------------------------------------------------------------------------

During 4.01 years, the risk of death in patients with DS was significantly higher than that of age- and sex-matched control subjects (HR=41.7, 95% CI 20.0--87.0). In patients with DS, the risk of death in twentieth (HR= 2.6, 95% CI 1.1--6.2), thirtieth (HR= 4.7, 95% CI 2.1--10.9), fortieth (HR= 16.8, 95% CI 7.9--35.4) and fiftieth (HR= 33.6, 95% CI 14.6--77.3) were significantly higher than that in group under the age of 10 ([Table 4](#T0004){ref-type="table"}).Table 4Hazard Ratios of Death in Down's Syndrome Compared with Age and Sex Matched Controls from 2010 to 2014DeathNEventDurationMR (per 1000)HR (95% CI)Control11,695847,025.570.171DS2339649256.796.9141.7 (20.0--87.0)Death of DS by 10-year-old age groups0--91247195276.523.6110--19680112550.44.31.2 (0.6--2.5)20--292067726.139.62.6 (1.1--6.2)30--391248466.4117.24.7 (2.1--10.9)40--495711175.962.516.8 (7.9--35.4)50-25861.44130.233.6 (14.6--77.3)[^2]

Discussion {#S0005}
==========

In this study, we report a DS population prevalence of 4.03 per 100,000 persons in 2015 ([Table 1](#T0001){ref-type="table"}). DS population prevalence under the age of 10 years (26.0 per 100,000 persons) was the highest among all age groups. As age group increased, the DS prevalence continued to decline sharply at 0.98 per 100,000 persons at 30--39 years of age ([Table 2](#T0002){ref-type="table"}). In England and Wales, the DS population prevalence was 66 per 100,000 persons in 2011.[@CIT0010] In the United Kingdom, the DS population prevalence was 59 per 100,000 persons in female and 68 per 100,000 persons in male in 2011.[@CIT0011] In the United States, the DS population prevalence were 82.7 per 100,000 persons in 2008, and the DS birth prevalence was 150 per 100,000 births in 2000.[@CIT0012] In England and Wales, the DS birth prevalence was 99 per 100,000 births in 2010.[@CIT0013] In Southern Thailand, the DS birth prevalence was 121 per 100,000 births from 2009 to 2013. The DS population prevalence under the age of 10 years in this study was relatively lower than other countries, but might be valid compared to the previous South Korea DS birth prevalence data during 2005--2006 (37 per 100,000 persons).[@CIT0014],[@CIT0015] However, the South Korea DS population prevalence across all ages were strikingly lower than that in Europe, the United States, and Asia.

Since this is registration-system-based study, underestimation of the prevalence of DS due to unregistered cannot be ruled out. However, there are health care benefits entitled for reduced coinsurance rate, 10% of medical expenses regardless of hospitalized or outpatient after RDR registrations and DS registrations began in 2004 and settled steadily in 2010. Therefore, these results in this study might reflect the overall prevalence of DS in South Korea. In addition, considering no difference in embryonic aneuploidy according to ethnicity,[@CIT0016] ethnic diversity as a reason for low DS prevalence in South Korea might be premature. In South Korea, maternal serum screening test for fetal aneuploidy in the first trimester has been covered by the NHIS and performed in more than 95% of pregnancies.[@CIT0017] Whereas, termination of pregnancy including DS pregnancy was designated as a crime and was subject to punishment by criminal law and a physician only to perform a termination in exceptional cases under the Maternal and Child Health law.[@CIT0018] It is difficult to provide legal data on artificial abortion of DS pregnancy. However, the total artificial abortion rate in South Korea is estimated to be 4.8 ‰ and the number of artificial abortions is estimated to be 50,000 in 2017.[@CIT0019] In these contradictory medical environments, the prenatal diagnosis and selective pregnancy termination could be the explanations for the low DS prevalence in South Korea.

Unlike the Western cases, the DS population prevalence in South Korea is highest in group under the age of 10 and sharply declined, reaching less than 1 per 100,000 people after age 30 ([Table 2](#T0002){ref-type="table"}). The proportions of DS patients aged 35--60 years in the United States, 45--55 years in the United Kingdom, and 40--50 in England and Wales are approximately equal to that of South Korea DS prevalence under the age of 10.[@CIT0011],[@CIT0012] We also found that the DS mortality risk in South Korea is 41.7 fold higher than age- and sex-matched control from 2010 to 2014. In 2013, patients with DS in Denmark had 5--11 fold higher mortality risk than that of the general population.[@CIT0020] These results might suggest lower life expectancy of DS in South Korea than those in other countries, which was recently determined to be 60 years[@CIT0004] and reflect the vulnerability of health care of DS patients. The impact of first decades is seemed to be important to life expectancy of DS in South Korea. However, there was no data on cause of death for the DS population in this register-based study. In Sweden, the median ages at death were 3.6 years in 1969--1973 and 56.8 years in 1999--2003, respectively.[@CIT0021] The dramatic increase in survival seen in DS is over the recent decades and is mainly due to improved cardiac surgery.[@CIT0021] There were racial disparities in improvement of median age at death in DS.[@CIT0022] In South Korea, there was no specific medical care program for DS patients.[@CIT0023] Development of more strengthened medical management of DS are necessary. Many factors might be responsible for low DS population prevalence and further study is needed to investigate the health care environment that affects the survival of DS patients.

In the present study, the number of DS Patients without any CHD were 1039 (50.0%) in 2015. Previous cross-sectional study on CHD and DS, there were 47% (572/1222) DS without CHD in Japan and 43.1% (170/394) in South Korea.[@CIT0014],[@CIT0024] European countries and the US, endocardial cushion defect (43%), which results in AVSD/AV canal defect, was the main cardiac abnormality, followed by VSD (32%), secundum ASD (10%), TOF (6%), and isolated PDA (4%).[@CIT0004],[@CIT0025] However, ASD (28.0%) was the most common CHD in DS, followed by VSD (19.9%), PDA (19.1%), and AVSD (9.8%) in this study. These frequency orders are similar with the previous study conducted using data from all Korean medical institutes between 2005 and 2006.[@CIT0014] We also found the odds ratios of ASD, VSD, PDA, PV_AS, TOF, AVSD, CoA or TGA in patients with DS were statistically higher than those of age- and sex-matched control subjects. The endogenous gene expressions of DS critical region-1 have been reported to be associated with heart valve formations.[@CIT0026] The genes outside chromosome 21, *CRELD1* has been found to participate in AVSD development in DS patients.[@CIT0027],[@CIT0028] Recent studies attempted to investigate the basic biological association of cardiac anomalies with DS through overexpression of chromosome 21 microRNAs (miRNAs).[@CIT0029] However, the mechanism of CHD development in DS is not clearly understood.

There are some limitations in this registration-system-based study. Since data were pre-collected by NHID and RDR system, necessary information is lacking and underestimation cannot be ruled out.

To the best of our knowledge, this is the first study to determine population prevalence, associations with CHD and mortality risk in DS patients based on NHIS and RDR with a maximum follow-up of 4 years. In 2015, the DS population prevalence was 4.03 per 100,000 persons. The trend of DS population prevalence across 10-year-old intervals showed a peak in the group under the age of 10 years (26.0 per 100,000 persons) and then declined sharply after the age of 20 years (0.98 per 100,000 persons at 30--39 years of age). In South Korea, DS population prevalence after the age of 20 years was strikingly lower than that in Europe, the United States, and Asia. The subjects with DS are more likely to accompany CHD and have higher mortality risk than in healthy controls. Further research is needed to investigate the low DS population prevalence. The present study could be used as baseline data for improving the survival of DS patients in South Korea.
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[^1]: **Abbreviations:** ASD, atrial septal defect; VSD, ventricular septal defect; PDA, patent ductus arteriosus; PV_AS, pulmonary valve atresia/stenosis; TOF, tetralogy of fallot; AVSD, atrioventricular septal defect; COA, coarctation of the aorta; DORV, double outlet right ventricle; TGA, transposition of the great arteries; NC, not calculated by zero counting.

[^2]: **Abbreviations:** DS, Down's syndrome; MR, mortality rate; HR, hazard ratio.
